Objectives: This study evaluated the influence of prosthetic screw material on joint stability in implantsupported dentures at two levels of fit. Methods: Ten mandibular implant-supported dentures were fabricated. Twenty cast models were fabricated using these dentures. Four groups (n=10) were tested, according to the vertical fit of the dentures [passive and non-passive] and prosthetic screw materials [titanium (Ti) or gold (Au) alloy]. The one-screw test was performed to quantify the vertical misfits using an optic microscope. The loosening torque for the prosthetic screws was measured 24 hours after the tightening torque (10 Ncm) using a digital torque meter. Data were analyzed by two-way ANOVA and Tukey's test ( =0.05). Results: Overall, dentures with passive fit and Ti screws resulted in significantly higher loosening torque of the prosthetic screws (p<0.05). No significant interaction was found between fit level and screw material (p=0.199). The prosthetic screw material and fit of implant-supported dentures have an influence on screw joint stability. Ti screws presented higher joint stability than Au screws and minimum of misfit should be found clinically to improve the mechanical behavior of the screw joint.
INTRODUCTION
Potential distortion can be created at any step of the fabrication process of implant-supported dentures. Several different post-casting techniques have been developed to correct inaccuracies of fit resulting from the fabrication process [1] . However, misfits are a clinical reality, since these procedures are not able to eliminate them completely. Some authors have attempted to define an acceptable level of fit, suggesting values between 10 and 150 μm as being clinically acceptable [2, 3] . Although the preceding values have been reported and used as reference, they are of empirical origin.
Lack of passivity of implant-supported dentures may cause biologic complications of the surrounding tissues, or mechanical failures of the dentures and implant systems [4] . Mechanical complications may include loosening of the prosthetic and abutment screws or fracture of various components in the system [5] [6] [7] . Clinical studies frequently report the instability or loosening of prosthetic screws as complications in dental implant therapy [3, 6, [8] [9] [10] . Professionals or patients do not perceive the loosening of one screw in dentures, which implicates overload on another screw that can also loosen. These ongoing sequences may favor the occurrence of failures, resulting in component fractures or loss of bone tissue surrounding the implants that still have tightened screws by overload of stress on the screw joints and bone-implant interface.
The literature suggests that in addition to the lack of passivity of the dentures [11] , several factors can contribute to screw instability, including the screw material [12] . Guda et al. (2008) [13] suggested that materials with higher elastic modulus should be used to manufacture the abutment screws to achieve higher preload. However, the screw joint between implant and machined abutment is in passive state after the torque applied to the screw. When a screw is submitted to a certain torque on the screw joints in a passive state, the only forces created are the clamping forces and preload [14] . In engineering, the aim of a screw or group of screws in almost all joints is to create a clamping force between two or more objects, which are called joint members. The clamping force is the compressive force that two joint members exert on each other, created by the force that the screws are exerting on them. The clamping force on the joint is initially created when joint is assembled and the screws are tightened. This action also creates tension in the screws; this tension is usually called preload at this stage [14] .
Implant-supported dentures do not present a perfect fit. Therefore, residual static stresses are created in relation to the misfit size [15, 16] , suggesting that these residual static stresses could provide differences in screw joint behavior between a single crown or machined abutment and implantsupported denture. In implant-supported dentures, the effect of the prosthetic screw material on the joint stability is not known.
The aim of this in vitro study was to evaluate the loosening torque of prosthetic screws made of two different materials (Ti and Au alloy) at two levels of fit (passive and nonpassive) in mandibular implant-supported dentures. The hypotheses tested were that: 1) Ti screws present higher loosening torque than Au screws in implant-supported dentures; 2) the loosening torque of prosthetic screws decreases in dentures with non-passive fit.
MATERIALS AND METHODS

Experimental Design
Ten mandibular implant-supported dentures were fabricated. Twenty cast models (10 with passive fit and 10 with non-passive fit) were then fabricated using the prosthetic structures. The loosening torque of the prosthetic screws made of different materials, ( Table 1) used to retain the dentures, was tested at two levels of fit (passive and nonpassive). Screws were assigned to 4 groups:
• Ti-PF -screws of titanium alloy in dentures with passive fit;
• Ti-NP -screws of titanium alloy in dentures with non-passive fit;
• Au-PF -screws of gold alloy in dentures with passive fit;
• Au-NP -screws of gold alloy in dentures with nonpassive fit.
Prosthetic Structure Fabrication
A metal matrix was fabricated and five conical abutment analogs with platform diameter of 4.1 mm (Micro-unit; Conexão Prostheses Systems, São Paulo, SP, Brazil) were fixed to it using transversal screws. The disposition of the abutment analogs (A, B, C, D and E) used in this study simulates a common case of five implants placed between mental foramens, arranged in an arc mode, with 10-mm inter-implant spaces ( Fig. 1) . A master cast was then fabricated using a splinted impression technique to allow the waxing of ten prosthetic frameworks with calcinable cylinders (Conexão Prostheses Systems) and bar wax cylinders (Wax wire 4.0; Dentaurum, Pforzheim, Germany). The free ends were standardized at a 10-mm distal extension. The frameworks were then cast in cobalt-chrome alloy (Dentaurum) using the lostwax casting technique. Heat-polymerized acrylic resin (Clás-sico, São Paulo, SP, Brazil) and artificial teeth made of acrylic resin (Vipi Plus; VIPI, Pirassununga, SP, Brazil) were used as veneering material. The size and volume of the dentures were controlled using a silicone matrix (Zeta Labor; Zhermack, São Paulo, SP, Brazil). 
Fit Condition Simulation
Twenty cast models (10 for passive fit and 10 for nonpassive fit) were fabricated using the prosthetic structures maintaining the positions of the abutment analogs to simulate the two fit levels tested. Assembly of the components as regards the fit levels is shown in Fig. (2) . For the passive fit, no rings were used between the abutment analogs (Conexão Prostheses Systems) and framework cylinders of the dentures. For the non-passive fit, three rings of different thicknesses (100, 200 and 300 μm, one for each abutment analog, respectively) were used between three of the framework cyl- inders of the dentures and the abutment analogs (C, D and E); the other abutment analogs (A and B) were screwed directly to the framework cylinders. All these sets were invested in stone cast (type VI Herostone; Vigodent, Rio de Janeiro, RJ, Brazil) using a delineator to standardize the investment procedure (Fig. 3) . The rings were added to create a vertical misfit of approximately 250 m in the one-screw test adapted from Tan et al. (1993) [17] ; this test was then used to quantify the two fit levels tested (Fig. 4) .
Fit Evaluation (One-Screw Test)
An optic microscope (VMM-150; Walter Uhl, Asslar, Germany) was used to measure the vertical misfit at 120x magnification. The technique used to measure the misfit was based on the one-screw test protocol of Tan et al. (1993) [17] . This technique involved one Ti screw (Conexão Prostheses Systems) tightened to 10 Ncm onto the abutment "A" using a manual torque meter (Conexão Prostheses Systems). Vertical misfits between platform abutment analogs and the inferior border of the denture framework cylinders were then measured, three times, considering the buccal and lingual faces of the abutments "C" and "E". Next, the Ti screw was loosened and replaced with another screw tightened to 10 Ncm onto abutment "E", and the vertical misfit of the abutments "C" and "A" was evaluated as previously mentioned.
A total of 24 vertical misfit values were obtained for each prosthetic structure and its cast model, and then the mean of these values was calculated to determine the misfit of the prosthesis. The mean values and standard deviations (SD) with regard to vertical misfit were: 51 (23) μm for passive fit; and 264 (78) μm for non-passive fit.
Loosening Torque Evaluation
Digital torque meter with a precision of 0.1-Ncm (TQ8800; Lutron, Taipei, Taiwan) was used to tighten the screws and evaluate the loosening torque, involving 100 screws of Ti alloy and 100 screws of Au alloy (n = 10, screw sets, 5 screws in each set). One researcher only performed the tightening and loosening torque. This researcher was calibrated for several pilot studies, standardizing the speed of the tightening and loosening torque. The cast models were fixed to a laboratory desk using a metal peg, and the prosthetic screws were tightened (10 Ncm) in the sequence B, D, C, A and E [18] . The loosening torque was evaluated 24 hours after the tightening torque following the same tightening sequence (B, D, C, A and E). The loosening torque of a determined prosthetic screw was evaluated, and this screw was again tightened (10 Ncm) to its abutment, thus the loosening torque of the other prosthetic screws were measured with all the other screws tightened. The mean loosening torque values (Ncm) of the screw sets were submitted to two-way (fit x screw material) analysis of variance (ANOVA) followed by Tukey's test ( =0.05).
RESULTS
The loosening torque means and standard deviations were: 6.99 (1.03) for Ti-PF, 5.65 (1.18) for Ti-NP, 5.42 (0.99) for Au-PF, and 5.03 (1.33) for Au-NP. The statistical analysis showed significant differences for the fit (p = 0.022) and screw material (p = 0.005). Overall, the dentures with passive fit resulted in significantly higher loosening torque of the prosthetic screws compared with non-passive dentures ( Table 2) ; and Ti screws also presented higher loosening Fig. (3) . Schematic illustrations of the cast model fabrication: (A) set assembled; (B) abutment analogs were invested in stone cast; (C) cast models removed from the delineator. torque than Au screws ( Table 3) . The interaction between the two factors was shown to be not significant (p = 0.199). 
DISCUSSION
Implant-supported dentures present great range in accuracy resulting from the fabrication process. Therefore, the two levels of fit were created to control the misfit values. In 1983, Branemark proposed that this should be at the level of 10 μm to enable bone maturation and remodeling in response to occlusal loads [2] . In 1991, Jemt defined passive fit as the level that did not cause any long-term clinical complications and suggested misfits smaller than 150 μm were acceptable [3] . The mean vertical misfit value was 51 (23) μm for the dentures placed on the cast models with passive fit, among those referred to as clinically acceptable. While the mean vertical misfit value was 263 (78) μm for the dentures placed on the cast models with non-passive fit, higher than those referred to as clinically acceptable. The overall results of the present study showed that the non-passive dentures reduced the loosening torque of the prosthetic screws, confirming one of the study hypotheses. This decrease in the joint stability may be due the increase of the static stresses present in nonpassive dentures [15, 16] . Several different post-casting techniques have been developed to correct inaccuracies of fit resulting from the fabrication process [1] . Some studies have shown great reduction in misfit when applying an electroerosion procedure [1, 19, 20] , suggesting a possibility of improving the passivity in implant prosthesis, even after the application of the veneering material.
As regards the screw material, although there may be some plastic deformation in some of the threads when a screw is tightened normally, most of the screws and the joint members respond elastically when the screws are tightened [14] . This can explain the higher loosening torque for Ti screws compared with Au screws, confirming the other study hypothesis. In other words, the Ti screw probably presented lower plastic deformation than the Au screws, increasing the preload on the screw joint. Guda et al. (2008) [13] evaluated the preload on a screw abutment using finite element analysis. The authors suggested that materials with higher elastic modulus should be used for manufacturing abutment screws to achieve higher preload.
An interesting observation can be considered as regards the Ti screws have greater loss of applied torque when used in dentures with non-passive than with passive fit, although no significant interaction between the factors was found. The lower malleability and higher frictional resistance of the Ti screws could have permitted a smaller contact area between the screw threads and opposing flanges of the abutment than the Au screws, suggesting higher sensitivity of the Ti screw to residual static stresses. Clinically, dynamic stresses are also created, consequently, Ti screws could loosen more easily than Au screws in non-passive dentures. Further investigation is fundamental to evaluate the behavior of the prosthetic screw materials as regards misfits under cyclic loading.
Based in the results of the present study it can be stated that a minimum of misfit must be found clinically to avoid mechanical failures, suggesting that post-casting techniques should used to improve the fit of implant-supported dentures. In addition, Ti screws seem to be a safe and low cost option to obtain high stability of the screw joint. Another limitation of this study concerns the simulated misfits, since only vertical misfits were created, while horizontal and angular misfits are also generated in implant-supported dentures during their fabrication. Horizontal and angular misfits result in generating bending stresses in the implant components [15] . Further studies are necessary to evaluate the effects of these stresses generated by horizontal and angular misfits on joint stability as well as the surrounding bone tissue.
CONCLUSION
Within the limitations of this in vitro study, it can be stated that titanium screws presented higher joint stability than gold screws in implant-supported dentures. Nevertheless, the maximum possible level of passivity should be found in these dentures to reduce the effect of the static stresses caused by misfits on the stability of the screw joints.
